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Conformal Higgs model: charged gauge fields can produce a 125GeV resonance
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IBM Almaden Research Center, 650 Harry Road, San Jose, CA 95120-6099, USA
(Dated: August 21, 2018)
Recent cosmological observations and compatible theory offer an understanding of long-mysterious
dark matter and dark energy. The postulate of universal conformal Weyl local scaling symme-
try, without dark matter, modifies action integrals for both Einstein-Hilbert gravitation and the
Higgs scalar field by nonclassical gravitational terms. Conformal theory accounts both for ob-
served excessive external galactic orbital velocities and for accelerating cosmic expansion. SU(2)
symmetry-breaking is retained but dark energy is implied rather than nonzero Higgs particle mass.
These results are compatible with existence of a massive neutral particle or resonance at 125GeV,
described as composite scalar gµνW
µ
−
W ν+ and gµνZ
µ∗Zν interacting strongly via quark exchange.
Decay modes would be consistent with those observed at LHC.
PACS numbers: 04.20.Cv, 14.80.Gt, 98.80.-k
INTRODUCTION
The conventional Higgs model of electroweak physics
postulates a scalar field Φ[1–3] whose classical field equa-
tion has an exact stable solution of finite amplitude.
Gauge symmetry defines gauge covariant derivatives of Φ
that couple it to neutral Zµ and charged W
±
µ gauge bo-
son fields. Gauge boson masses are determined by solving
coupled scalar and gauge boson field equations[1, 3] at a
semiclassical level. The standard model of fermion mass
postulates direct multiplicative coupling of scalar field Φ
to fermion density[2, 3]. Electroweak masses depend only
on the existence of a nonzero spacetime solution of the
Higgs scalar field equation. These induced masses do not
require a stable fluctuation of the scalar field, the usual
definition of the Higgs boson[3].
In the currently accepted ΛCDM paradigm for cos-
mology, gravitational phenomena not explained by gen-
eral relativity as formulated by Einstein are attributed
to cold dark matter. Dark energy Λ remains without
an explanation. The search for tangible dark matter has
continued for many years[4].
Consideration of an alternative paradigm is motivated
by this situation. An alternative postulate is that of uni-
versal conformal symmetry[5], requiring local Weyl scal-
ing covariance [6, 7] for all massless elementary physical
fields, without dark matter. Conformal symmetry, valid
for fermion and gauge boson fields [8], is extended to both
the metric tensor field of general relativity and the Higgs
scalar field of elementary-particle theory [1, 3], with no
novel elementary fields. This postulate is exemplified by
conformal gravity (CG) [7, 9–12] and by the conformal
Higgs model (CHM)[13–15]. Conformal gravity (CG) is
confirmed by a fit to rotation data for 138 galaxies. The
conformal Higgs model (CHM) fits observed accelerat-
ing Hubble expansion for redshifts z ≤ 1 (7.33 Gyr) ac-
curately with one free constant parameter[14]. Neither
model requires dark matter.
The CHM retains the Higgs mechanism for electroweak
masses but does not imply stable field fluctuations. This
precludes a conventional massive Higgs particle, but also
eliminates the longstanding problem of large or possi-
bly infinite zero-point energy of such fluctuations, sup-
porting the conjecture that the observed LHC 125GeV
resonance[16–18] is a hitherto unknown new particle or
field. It is shown here that including charged gauge fields
in the CHM implies existence of such an entity, consistent
with a 125GeV resonance.
Higgs field Φ, of uniform spacetime magnitude, is in-
herently a cosmological entity. Postulating universal
conformal symmetry for all bare elementary fields[5],
Lagrangian density LΦ acquires a term dependent on
Ricci scalar R = gµνR
µν , a contraction of the gravita-
tional Ricci tensor[7]. For uniform, isotropic geometry,
this determines a modified Friedmann cosmic evolution
equation[5, 13] that contains a dark energy term. Lim-
ited to the neutral Zµ field for simplicity, the conformal
Higgs model determines dark energy of the correct em-
pirical magnitude[14].
Conformal gravity[7, 12] has recently been applied,
without dark matter,to fit anomalous galactic rotation
data for 138 galaxies[19–21]. Formal objections to
the theory[22–24] have been discussed and resolved in
detail[25–27]. McGaugh et al[28] show for 153 galaxies
that observed radial acceleration a is effectively a univer-
sal function of the classical Newtonian acceleration aN ,
computed for the observed baryonic distribution. This
removes uncertainty in earlier studies due to adjustment
of mass-to-light ratios for individual galaxies. Such a
universal correlation function, a(aN ) = ν(aN/a0)aN , is
a basic postulate of MOND[29, 30]. Together with the
CHM and depleted halo model of galactic halos[15], with-
out dark matter, CG implies a similar correlation func-
tion if nonclassical parameter γ is mass-independent[27].
2This strongly suggests that for an isolated galaxy dark
matter can be eliminated and dark energy explained by
consistent conformal theory[5, 7, 12, 27].
The conventional Higgs model postulates incremental
Lagrangian density ∆LΦ = w2Φ†Φ − λ(Φ†Φ)2 for the
scalar field[3]. The conformal Higgs model[13] requires an
additional gravitational term − 1
6
RΦ†Φ[7]. Coupled field
equations, restricted to gauge field Zµ[14], determine pa-
rameter w2, which becomes a cosmological constant in
the modified Friedmann cosmic evolution equation[13].
Extended here to include charged gauge fields W±µ , con-
formal theory determines both parameters w2 and λ. Es-
timated values are consistent with directly measured data
from cosmology and electroweak particle physics.
The extended theory implies existence of a spinless
neutral field or particle that might account for the ob-
served 125 GeV resonance[16–18], with properties antic-
ipated for a massive Higgs boson.
REVIEW OF THEORY
Variational theory for fields in general relativity
is a straightforward generalization of classical field
theory[31]. Given scalar Lagrangian density L, action
integral I =
∫
d4x
√−gL is required to be stationary for
all differentiable field variations, subject to appropriate
boundary conditions. The determinant of metric tensor
gµν is denoted here by g. Riemannian metric covariant
derivatives Dλ are defined such that Dλgµν = 0[7].
Conformal symmetry is defined by invariance of action
integral I =
∫
d4x
√−gL under local Weyl scaling, such
that gµν(x)→ gµν(x)Ω2(x)[6] for arbitrary real differen-
tiable Ω(x), with fixed coordinates xµ. For any Rieman-
nian tensor, T (x) → Ωd(x)T (x) + R(x) defines weight
d[T ] and residue R[T ]. d[Φ] = −1 for a scalar field. Con-
formal Lagrangian density L must have weight d[L] = −4
and residue R[L] = 0, up to a 4-divergence[7].
Gravitational field equations are determined by met-
ric functional derivative Xµν = 1√−g
δI
δgµν
. Any scalar
La determines energy-momentum tensor Θµνa = −2Xµνa ,
evaluated for a solution of the coupled field equations.
Generalized Einstein equation
∑
aX
µν
a = 0 is expressed
asXµνg =
1
2
∑
a 6=g Θ
µν
a . Hence summed trace
∑
a gµνX
µν
a
vanishes for exact field solutions. Trace gµνX
µν
a = 0 for
a bare conformal field[7]. If interacting fields break con-
formal symmetry, vanishing of this summed trace is a
consistency condition for solution of the field equations.
CONFORMAL SCALAR FIELD
The fundamental postulate that all primitive fields
have conformal Weyl scaling symmetry is satisfied by
spinor and gauge fields[8], but not by the scalar field of
the conventional Higgs model[3]. A conformally invari-
ant action integral is defined for complex SU(2) doublet
scalar field Φ by Lagrangian density[7, 13]
LΦ = (∂µΦ)†∂µΦ− 1
6
RΦ†Φ− λ(Φ†Φ)2, (1)
where R is the gravitational Ricci scalar. The
Higgs model[3] postulates incremental Lagrangian den-
sity ∆LΦ, which adds term w2Φ†Φ to LΦ. Because this
w2 term breaks conformal symmetry, universal conformal
symmetry requires it to be produced dynamically.
The conformal scalar field equation including
parametrized ∆LΦ is[7, 13] is
1√−g∂µ(
√−g∂µΦ) = (−1
6
R + w2 − 2λΦ†Φ)Φ. (2)
Neglecting second-order time derivative terms for Φ,
Φ†Φ = φ20 = (w
2 − 1
6
R)/2λ generalizes the Higgs con-
struction if this ratio is positive.
Because Ricci scalar R varies on a cosmological time
scale, it induces an extremely weak time dependence
of φ20, which in turn produces source current densities
for the gauge fields. The resulting coupled semiclassical
field equations[14] determine nonvanishing but extremely
small parameter w2, in agreement with the cosmological
constant deduced from Hubble expansion data. This ar-
gument depends only on squared magnitudes of quantum
field amplitudes. Although it breaks conformal symme-
try, dynamically induced w2 has been shown[14] to pre-
serve the consistency condition that the trace of the total
energy-momentum tensor should vanish[7]. It is shown
here that biquadratic term λ(Φ†Φ)2 is determined in con-
formal theory by a similar semiclassical argument.
CHARGED GAUGE FIELDS
In standard Higgs theory, it is assumed that charged
component Φ+ of the postulated SU(2) doublet scalar
field vanishes identically, while Φ†Φ = φ20 is a spacetime
constant. In conformal theory, φ0 varies on a cosmologi-
cal time scale[14]. Derived from the covariant derivatives
of Φ[3], with Φ+ ≡ 0,
∆L = (− igw√
2
Wµ−Φ†)(
igw√
2
Wµ+Φ)
+(∂µ +
igz
2
Z∗µ)Φ
†(∂µ − igz
2
Zµ)Φ− ∂µΦ†∂µΦ
= (
1
2
g2wWµ−W
µ
+ +
1
4
g2zZ
∗
µZ
µ)Φ†Φ
−∂µΦ†(1
2
igzZµΦ) + (
1
2
igzZ
∗
µΦ
†)∂µΦ. (3)
Extending a derivation for the neutral field[13, 14] ver-
ifies the standard gauge boson mass formulae m2Z =
31
2
g2zφ
2
0,m
2
W =
1
2
g2wφ
2
0. ∆L implies source current den-
sity J0Z = −igz φ˙0φ0Φ†Φ, which determines Higgs parame-
ter w2 = 1
4
g2zZ
∗
µZ
µ. Wµ−W
µ
+ is shown below to depend
explicitly on Φ†Φ, thus contributing to −λ(Φ†Φ)2.
Although an independent field Wµ± would violate
charge neutrality, there is no contradiction in treating
neutral composite scalar WW = gµνW
µ
−W
ν
+ as an inde-
pendent field or particle, in analogy to atoms, molecules,
and nuclei. BareWW must interact strongly with corre-
sponding neutral scalar field ZZ = gµνZ
µ∗Zν, through
exchange of quarks and leptons. Assuming that the
interacting bare fields produce relatively stable W2 =
WW cos θx + ZZ sin θx and complementary resonance
Z2 = −WW sin θx + ZZ cos θx, W2 can dress the bare
Φ field while maintaining charge neutrality. This will be
shown here to determine Higgs parameter λ.
∆L does not determine a direct source current den-
sity for bare field WW . However, simultaneous cre-
ation of paired fields Z∗µ, Z
µ can produce the dressed
field W2. The rate of simultaneous excitation is
the product of independent transition rates, expressed
by JZZ/Φ
†Φ = (J∗Zµ/Φ
†Φ)(JµZ/Φ
†Φ). This implies
JZZΦ
†Φ = J∗ZµJ
µ
Z = g
2
z(
φ˙0
φ0
)2(Φ†Φ)2. Assuming a
W2 particle or resonance that contains the linear com-
bination WW cos θx + ZZ sin θx, the effective source
current is JW2 = JZZ sin θx. Neglecting deriva-
tives in an effective Klein-Gordon equation, the in-
duced field amplitude is W2 = JW2/m
2
W2
. Given
WW = W2 cos θx − Z2 sin θx, W2 projects onto WW
with factor cos θx. Term
1
2
g2wWWΦ
†Φ in ∆L becomes
1
4
g2w sin 2θxJZZΦ
†Φ/m2W2 = −λ(Φ†Φ)2, where dimen-
sionless λ = − 1
4
g2wg
2
z sin 2θx(
φ˙0
φ0
)2~2/m2W2c
4. The W2
mass must be consistent with empirical λ ∼ −10−88[14].
W2 PARTICLE AND Z2 RESONANCE
A model Hamiltonian matrix can be defined in which
indices 0,1 refer respectively to bare neutral scalar states
WW = gµνW
µ
−W
ν
+, ZZ = gµνZ
µ∗Zν . Assumed diago-
nal elements are H00 = 2mW = 160GeV , H11 = 2mZ =
182GeV , for empirical masses mW and mZ . Intermedi-
ate quark and lepton states define a large complemen-
tary matrix H˜ indexed by i, j 6= 0, 1, with eigenvalues ǫi,
and off-diagonal elements A˜i0, A˜i1. H˜ determines energy-
dependent increments in a 2× 2 reduced matrix
Hab − µab = Hab −
∑
i6=0,1
A˜†ai(ǫi − ǫ)−1A˜ib. (4)
H01−µ01 = (WW |Hred|ZZ) corresponds to Feynman
diagrams for quark and lepton exchange. The most mas-
sive and presumably most strongly coupled intermediate
field that interacts directly would be tetraquark T = tb¯bt¯,
whose mass is estimated as ǫT = 350GeV. A simplified
estimate ofW2 energy is obtained by restricting interme-
diate states to the three color-indexed tetraquark states
T = tb¯bt¯, and assuming elements A˜T0, A˜T1 of equal mag-
nitude α/
√
3. For the reduced 2 × 2 matrix, matrix in-
crements µab ≃ µ(ǫ) = α2ǫT−ǫ are all defined by a single
parameter α2. Secular equation
(2mW − µ(ǫ)− ǫ)(2mZ − µ(ǫ)− ǫ) = µ2(ǫ) (5)
is to be solved for two eigenvalues ǫ = E0, E1.
Setting E0 = 125GeV for the W2 state, dominated by
the bare WW field, determines parameters α2 = 4878
GeV2, µ(E0) = 21.68GeV and tan θx = 0.6138. Us-
ing α2 determined by E0, the present model predicts
E1 = 173GeV, with µ(E1) = 27.62GeV. This higher
eigenvalue is the energy of a resonance Z2 dominated
by the bare ZZ field. Z2 decay into bare WW , two free
charged gauge bosons, is allowed by energy conservation,
but not into bare ZZ. Composite field W2 cannot decay
spontaneously into either WW or ZZ.
Identifying E0 with the observed 125GeV resonance,
and using gw = 0.6312 and gz = 0.7165 with computed
tan θx = 0.6138, the implied value of Higgs parameter
λ = − 1
4
g2wg
2
z sin 2θx(
φ˙0
φ0
)2~2/m2W2c
4 = −0.463× 10−88 is
consistent with its empirical value[14].
CONCLUSIONS AND IMPLICATIONS
Postulated universal conformal symmetry modifies
both general relativity and the Higgs scalar field model.
Higgs parameter w2 and all mass terms break conformal
symmetry and must be generated dynamically. The con-
formal Higgs model remains valid for gauge boson masses,
but the negative sign of parameter λ implied by cosmo-
logical data precludes a massive particle as a stable fluc-
tuation of Higgs scalar field Φ.
The coupled semiclassical field equations of conformal
theory imply a very small but nonvanishing source den-
sity for the neutral gauge field Zµ[5, 14]. This results
from the cosmological time dependence of gravitational
Ricci scalar R in the conformal scalar field Lagrangian
density. Bare Higgs scalar Φ is dressed by a nonvanishing
neutral gauge field, producing parameter w2 of the cor-
rect empirical magnitude for dark energy density[13, 14].
Agreement with empirical data is extended here to
Higgs parameter λ. Preserving charge neutrality, dou-
ble excitation of the Zµ field induces a previously un-
known field W2, based on strongly interacting bare fields
WW = Wµ−W
µ
+ and ZZ = Z
∗
µZ
µ, which dresses bare
scalar field Φ. Implied parameter λ has empirically cor-
rect sign and magnitude if scalar field W2 is identified
with the recently observed 125GeV resonance[16–18].
Explanation of Higgs parameter λ makes it possi-
ble to carry the modified Friedmann cosmic evolu-
tion equation[13] back to the big-bang epoch, with
4time-dependent parameters. The reversed sign of the
conformal gravitational constant in uniform, isotropic
geometry[5, 7] implies rapid expansion due to primordial
mass and radiation density. Time variation of confor-
mal Higgs amplitude φ0 is relevant to nucleosynthesis,
because it directly affects the Fermi β-decay constant.
Dynamical models of galactic clusters should be re-
vised to take into account the non-Newtonian gravita-
tional effects of conformal theory[5, 15]. It cannot yet be
concluded that dark matter is needed to explain galactic
evolution and cluster dynamics.
The conformal Higgs model, backed by well-
determined cosmological data, does not imply a massive
Higgs particle, but supports the alternative interpreta-
tion proposed here of the observed 125GeV resonance. If
Higgs parameter w2 were large enough to produce the
observed 125GeV resonance, the conformal model would
imply dark energy density large enough to blow the uni-
verse apart long before the present epoch. This implica-
tion is removed by the present theory. Moreover, without
a stable fluctuation, the symmetry-breaking Higgs Φ field
does not produce large zero-point energy that must some-
how be suppressed. An extremely small scale parameter
φ˙0
φ0
, unique to conformal theory, relates cosmology to elec-
troweak physics.
The Higgs scalar field breaks gauge symmetry and pro-
duces gauge boson mass through its finite spacetime am-
plitude. The standard electroweak model[2, 3] attributes
fermion mass to direct coupling with the Higgs scalar
field. Absence of experimental evidence for such cou-
pling has been considered to determine an empirical lower
bound for Higgs boson mass[32], ruling out values below
the observed resonance at 125GeV. However, such null
results are consistent with conformal theory, which does
not predict a massive Higgs particle[14] and does not im-
ply direct coupling of scalar field Φ to fermions.
The present model of the 125GeV resonance does not
necessarily conflict with observable implications of stan-
dard electroweak theory of fermion mass. Even if confor-
mal scalar Φ is not directly coupled to fermions, fermion
mass might result from explicit coupling to gauge bo-
son fields, moderated by dynamical coupling to the pro-
posed massive 125GeVW2 scalar field. Renormalization,
which does not by itself determine fermion mass, guar-
antees that any true dynamical mechanism has no incon-
sistent side effects. To avoid irreconcilable conflict with
well-estabished observed cosmological data, it would be
desirable to reopen the question of dynamical and quan-
titative explanation of fermion mass.
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